Introduction {#Sec1}
============

Basal insulin is the recommended treatment for patients with type 2 diabetes mellitus (T2DM) who are unable to achieve their glycemic targets with oral antidiabetic drugs (OADs) \[[@CR1]--[@CR3]\]. However, in clinical practice, some patients still fail to achieve glycemic control after being started on basal insulin as an add-on therapy, necessitating a switch to other treatment schemes, such as a basal-bolus insulin regimen or injections with premixed insulin twice or three times per day. Such evidence implies the basal insulin-supported OAD(s) therapy (BOT) fails to effectively control glycemia in some T2DM patients. It has been reported that variables such as age, body mass index (BMI) and bedtime or post-breakfast plasma glucose levels may influence patient response to the treatment regimen \[[@CR4]\]. For example, in insulin-naïve patients, BOT may be more appropriate for subjects with a lower BMI and higher post-breakfast plasma glucose levels \[[@CR5]\]. In one study population of T2DM patients who switched from a premixed insulin regimen to BOT, the key factors most closely related to the efficacy of BOT were pre-treatment glycated hemoglobin (HbA1c) levels, duration of diabetes and postprandial C-peptide levels \[[@CR6]\]. However, the above-mentioned studies focused on individuals who plan to switch from treatment with (an) OAD(s) alone to BOT. To date, it is unknown whether one or more of these factors may predict the response to BOT. However, the ability of the treating physician to identify those patients who will not respond to BOT before a new treatment is decided upon would reduce healthcare costs and save time. The aim of this study is to determine which factor(s) may predict patient response to BOT.

Methods {#Sec2}
=======

Subjects {#Sec3}
--------

All of the participants in this study were being treated for T2DM as inpatients in the Department of Endocrinology, the 3rd Affiliated Hospital, Sun Yat-sen University (Guangzhou, Peoples' Republic of China) at the time of enrollment (January 2013 to July 2016). The age of the participants at enrollment ranged from 18 to 65 years. All had fasting blood glucose levels of ≥ 10.0 mmol/L, even though they were receiving OAD(s) therapy without insulin. The exclusion criteria were: (1) newly diagnosed or treated-naïve T2DM, (2) type 1 or secondary diabetes mellitus, (3) positive anti-glutamic acid decarboxylase antibody, (4) liver cirrhosis, (5) liver or renal dysfunction (i.e. serum alanine aminotransferase or aspartate aminotransferase levels were 2.5-fold higher than normal, and serum creatinine level was \> 177 μmol/L), (6) systemic infection, (7) the use of corticosteroids and (8) pregnancy.

Study Design {#Sec4}
------------

All therapeutic regimens involving OAD(s) were discontinued at admission to the study. The patients were then placed on an intensive insulin therapeutic regimen (multiple daily insulin injections or continuous subcutaneous insulin infusion) to attain the pre-defined glycemic goal of a fasting capillary blood glucose level of ≤ 6.1 mmol/L and a capillary blood glucose level at 2 h after each of three meals of ≤ 8.0 mmol/L. This treatment regimen was maintained for 2 weeks after the glycemic goal was reached, at which time the patients were switched to BOT. Either glargine insulin or detemir insulin was chosen as the basal insulin. All OAD(s) currently available could be prescribed. Adjustments in therapy were determined by the treating endocrinologists based on their experiences. The patients were required to self-monitor their capillary blood glucose levels at least four times per week, which had to include the fasting glucose level and the glucose levels at 2 h after each of three meals. Patients were able to reach the specialists in charge at any time for consultations during the trial period. Participants who were able to maintain the glycemic target on the BOT regimen for at least 3 months were considered to be responders. Those participants who were unable to achieve or maintain the glycemic target on the BOT regimen were taken off this treatment by the treating physician and switched to a treatment of twice or multiple daily insulin injections with or without OAD(s); these individuals were considered to be non-responders.

Data Collection and Measurements {#Sec5}
--------------------------------

A medical history and physical examination were conducted at admission. On the second day, fasting blood samples were collected for measurement of fasting plasma C-peptide (FCP), HbA1c and fasting plasma glucose (FPG) levels and for other routine biochemical tests. Breakfast consisted of mixed meals for all patients. At 2 h after breakfast, blood samples were taken to measure the 2 h postprandial C-peptide (2 h-PCP) and postprandial plasma glucose (2 h-PPG) levels.

Routine clinical laboratory tests were performed using the Olympus AU640 auto-biochemistry analyzer (Olympus Corp., Tokyo, Japan). A magnetic antibody immunoassay was used to measure C-peptide levels (Beijing Bio-Ekon Biotechnology Co., Ltd., Beijing, China). HbA1c level was assayed using the Bio-Rad D-10™ high-pressure liquid chromatography system (Bio-Rad Laboratories Inc., Hercules, CA, USA).

Statistical Analysis {#Sec6}
--------------------

Data were analyzed using the PASW statistics 18.0 program (IBM Corp., Armonk, NY, USA). Continuous variables with a normal distribution were presented as the mean ± standard deviation; in all other cases, data were presented as the median and interquartile range. Differences between two groups were assessed by an independent *t* test or non-parametric test. A Chi-square test was performed to analyze the differences in rates between the two groups. A forward LR variable selection-based multivariate logistic regression was utilized to determine independent predictors. Pearson's correlation and Spearman correlation were performed to analyze the relationships between variables. Statistical significance was set at *P* \< 0.05.

Compliance with Ethics Guidelines {#Sec7}
---------------------------------

All procedures followed in this study were in accordance with the ethical standards of the responsible committee on human experimentation (institutional and national) and with the Helsinki Declaration of 1964, as revised in 2013. The protocol and informed consent document were approved by the research ethics board of the 3rd Affiliated Hospital of Sun Yat-sen University. All patients gave written informed consents. The trial was not registered since it was performed in one hospital and was a retrospective analysis.

Results {#Sec8}
=======

Of the 232 subjects screened, 221 patients received the intensive insulin treatment (11 patients withdrew before starting the intensive insulin treatment). Of these 221 patients, seven patients declined to go on the BOT therapeutic regimen and two patients were lost to follow-up. The final study population for analysis therefore consisted of 212 T2DM patients (Fig. [1](#Fig1){ref-type="fig"}). The characteristics of these 212 study subjects are shown in Table [1](#Tab1){ref-type="table"}. A total of 169 (79.7%) patients achieved and maintained the target (i.e. responders) and 43 (20.3%) patients did not achieve or maintain the target (i.e. non-responders). Although non-responders were able to achieve and maintain the target of a fasting capillary blood glucose level of \< 6.1 mmol/L, they were unable to achieve or maintain the target postprandial capillary blood glucose level of ≤ 8.0 mmol/L. The duration of diabetes, the percentage of patients with previous insulin, sulfonylurea or glinide treatments and the 2 h-PCP/FCP ratio were significantly different between responders and non-responders. These four variables were entered into the multivariate logistic regression analysis, and the results suggested that previous insulin treatment and the 2 h-PCP/FCP ratio had predictive value in terms of the success of BOT (Table [2](#Tab2){ref-type="table"}). Spearman correlation analysis determined the coefficient between the duration of diabetes and the 2 h-PCP/FCP ratio to be − 0.223 (*P* \< 0.001).Fig. 1Flow chart of patient selection and treatment.*BOT* Basal insulin-supported oral antidiabetic drug(s) therapy Table 1Characteristics of responders and non-responders to basal insulin-supported oral antidiabetic drug(s) therapyVariablesResponders (*n* = 169)Non-responders (*n* = 43)*P* valueMale/female78/9119/24--Age (years)50.0 ± 11.551.1 ± 8.3--Body mass index (kg/m^2^)25.78 ± 2.3125.64 ± 2.61--Duration (years)5.1 ± 5.010.1 ± 3.20.001Smoking (yes/no)61/10818/25--Triglycerides (mmol/L)^a^2.51 (0.60)2.34 (0.52)--Total cholesterol (mmol/L)5.30 ± 0.935.13 ± 0.90--High-density lipoprotein (mmol/L)1.17 ± 0.381.11 ± 0.36--Low-density lipoprotein (mmol/L)3.15 ± 0.613.63 ± 0.76--Urine acid (umol/L)360.84 ± 90.67356.07 ± 110.38--Previous insulin treatment (yes/no)69/10040/30.001Previous treatment with sulfonylureas or glinides (yes/no)116/5343/00.001Previous treatment with biguanides (yes/no)173/3936/7--Previous treatment with alpha-GI (yes/no)148/6428/15--Previous treatment with thiazolidinediones (yes/no)76/13614/29--Previous treatment with DPP4 inhibitor (yes/no)35/1777/36--FPG (mmol/L)13.51 ± 2.6314.26 ± 2.98--2 h-PPG (mmol/L)18.19 ± 3.1318.65 ± 3.38--HbA1c (%)   (mmol/L)11.19 ± 2.06 (99.9 ± 1.0)11.79 ± 2.58 (105.4 ± 4.7)--FCP (nmol/L)0.45 ± 0.390.39 ± 0.18--2 h-PCP (nmol/L)0.86 ± 0.710.66 ± 0.32--Ratio of 2 h-PCP/FCP1.95 ± 0.511.67 ± 0.320.01Ratio of FCP/FPG^a^0.026 (0.018)0.022 (0.013)--Ratio of 2 h-PCP/2 h-PPG^a^0.035 (0.030)0.031 (0.024)--Intensive insulin therapy (MDI/CSII)66/10313/30--f-FBG after intensive insulin therapy5.16 ± 0.565.20 ± 0.73--f-2 h-PBG after intensive insulin therapy7.02 ± 0.886.89 ± 1.05--Total dose of basal insulin in MDI in intensive insulin therapy31.6 ± 6.4 (*n* = 66)28.9 ± 8.6 (*n* = 13)--Total dose of bolus insulin in MDI in intensive insulin therapy44.7 ± 12.4(*n* = 66)49.8 ± 15.6 (*n* = 13)--Total dose of basal insulin in CSII in intensive insulin therapy28.2 ± 6.8 (*n* = 103)26.1 ± 8.5 (*n* = 30)--Total dose of bolus insulin in CSII in intensive insulin therapy38.3 ± 10.8 (*n* = 103)40.2 ± 13.1 (*n* = 30)--Data are presented as an absolute number or the mean ± standard deviation, unless indicated otherwise*alpha-GI* α-glucosidase Inhibitor, *DPP4* Dipeptidyl Peptidase-4, *FPG* Fasting plasma glucose, *2* *h-PPG* 2-h postprandial glucose, *HbA1c* glycated hemoglobin,*FCP* fasting plasma C-peptide, *2* *h-PCP* 2-h postprandial C-peptide,*MDI* multiple daily insulin,*CSII* continuous subcutaneous insulin infusion, *f-FBG* finger fasting blood glucose, *f-2* *h-PBG* finger 2-h postprandial blood glucose^a^Data presented as the median with the interquartile range in parenthesis Table 2Multivariate logistic regression analysis on influencing factorsVariable*B*Standard errorWald testOdds ratio (95% confidence interval)*P* valuePrevious insulin treatment0.2870.62421.20317.677 (5.205--60.027)\< 0.001Ratio of 2 h-PCP/FCP− 1.4250.5297.2520.241 (0.058--0.679)0.007Intercept− 0.8861.0870.6650.4120.415

Discussion {#Sec9}
==========

The results of our study indicate that the 2 h-PCP/FCP ratio and previous insulin treatment can predict the success of BOT. More specifically, a high 2 h-PCP/FCP ratio and the absence of previous insulin treatment in a patient's medical history suggest a higher success rate of BOT. In addition, the duration of diabetes had a close correlation with 2 h-PCP/FCP. Consequently, given the convenience of this parameter, the duration of diabetes may be a promising surrogate predictor.

Clinical experience suggests that individuals with the same disease can differ in their responses to the same treatments \[[@CR7]\]. Therefore, predictors of therapeutic response are of great help to the treating physician in deciding upon a treatment program. The UK Prospective Diabetes Study has shown that most patients with T2DM will require treatment with exogenous insulin at some point during their lifetime \[[@CR8], [@CR9]\]. However, insulin is withheld from many patients due to a variety of reasons, including concerns about injection pain \[[@CR10]\] and lifestyle restrictions \[[@CR11]\]. Studies has shown that patients significantly value reducing the number of insulin injections \[[@CR12]\]. In addition, increased injection frequency has been associated with poor adherence to the protocol, with one study showing that adherence was 78.3% in patients requiring one injection per day and 60.8% in patients requiring four injections per day (*P *\< 0.0001) \[[@CR13]\]. BOT requires only one single injection per day, which reduces patient reluctance to insulin therapy and increases compliance to the regimen. Thus, it is of great practical value to identify the predictor(s) of patient response to BOT.

Both BOT and other therapeutic regimens, which in this study included twice or multiple daily insulin injections with or without OAD(s), provide basal insulin to the patient. Therefore, as expected, both the FCP levels and the FCP/FPG ratios were similar between two groups (responders and non-responders) in our study. The main distinction between BOT and other regimens is that BOT cannot imitate endogenous stimulated insulin secretion, while other regimens can. Stimulated insulin secretion contributes significantly to the postprandial blood glucose level, as confirmed in our study in which all non-responders had to discontinue BOT because the target postprandial blood glucose level could not be achieved. This result suggests that the indictor(s) which reflect(s) stimulated insulin secretion would be predictor(s) of BOT response.

Various indices have been reported to reflect stimulated insulin secretion and to act as predictors of insulin therapy, such as first-phase and second-phase insulin secretion \[[@CR14]\], glucagon loading serum insulin and C-peptide level, and fasting and 2 h-PCP level alone or adjusted by corresponding glucose levels \[[@CR6], [@CR15]--[@CR19]\]. The serum C-peptide level reflects endogenous insulin secretion more directly than does the serum insulin level. Moreover, the serum C-peptide level can be used to assess beta-cell function even in patients undergoing insulin therapy. Thus, for our study, we selected serum C-peptide rather than insulin as the relevant parameter. In a number of previous studies, the ratio of C-peptide adjusted by glucose was superior to C-peptide alone \[[@CR15]--[@CR18]\]. We found, however, that neither 2 h-PCP alone nor the ratio of 2 h-PCP adjusted by glucose differed between the two groups. This discrepancy between our study and previous ones \[[@CR15]--[@CR18]\] is presumably due to sampling error and target differences. The distributions of both the FCP/FPG and 2 h-PCP/2 h-PPG ratios were skewed in our study, whereas they showed a normal distribution in the above-mentioned studies \[[@CR15]--[@CR18]\]. One explanation for this difference in distribution may be the different sampling times in these studies. In previous studies, blood samples were collected after or during a period of intensive insulin therapy, while in our study, they were collected prior to the patients starting on intensive insulin therapy. A second explanation may be differences in the target. The previous studies targeted the requirement for insulin therapy, whereas our study targeted the response to BOT. Notably, we found a significant difference in the 2 h-PCP/FCP ratio between the responders and non-responders, and its predictive value was further supported by the results of the multivariate logistic regression. Why was the 2 h-PCP/FCP ratio superior to 2 h-PCP alone or adjusted by glucose? The answer may be partly attributed to the C-peptide measurement. It is possible that factors are present in the C-peptide measurement which may be very influential \[[@CR20]\] and that this interference is attenuated by adjusting the 2 h-PCP level by the fasting C-peptide level.

The duration of diabetes in responders was significantly shorter than that in non-responders, but the multivariate logistic regression did not suggest that this variable was a predictor of BOT success. The explanation for this difference is that beta-cell function was more direct than the duration of diabetes. Therefore, the duration of diabetes was removed in the multivariate logistic regression. It has been proven that beta-cell function progressively deteriorates over time \[[@CR8], [@CR21], [@CR22]\]. In line with those previous studies, we also found that the 2 h-PCP/FCP ratio had a tight correlation with the duration of diabetes. Thus, considering the convenience of the duration of diabetes as a predictor of treatment success, this variable is worth further study.

Compared with the non-responder group, the proportion of patients who had received insulin treatment prior to this study was lower in the responder group. The multivariate logistic regression also suggested that a longer previous treatment with insulin reduced the response to BOT. This finding seems contrary to earlier reported results showing insulin therapy to be beneficial to the protection and preservation of beta-cell function. In fact, these results are not contradictory. These previous studies focused on the subsequent effects of the various treatment options while we focused on whether the patients had received insulin treatment prior to the study. In general, more previous insulin treatment in patients' history corresponds with a longer duration of diabetes and worse beta-cell function.

The difference between the responders and non-responders in terms of previous sulfonylurea or glinide treatments was also significant. However, this variable was removed in the multivariate logistic regression. Like previous insulin treatment, as discussed above, the results did not suggest that treatment with sulfonylureas or glinides deteriorated beta-cell function; rather, previous intake of sulfonylurea or glinide drugs corresponded with a longer duration of diabetes.

Pre-treatment HbA1c level has been reported to be one of the key factors closely related to the efficacy of BOT \[[@CR6]\]. However, in our study it was similar in both responders and non-responders. This discrepancy is attributed to the differences in patients enrolled in these two studies and to differences in the protocols. In the earlier study, the patients were treated twice daily with premixed 30R insulin with or without OAD(s) prior to initiation of the study and then randomized into either BOT or premixed 30R insulin twice daily plus OAD(s) treatment group. In contrast, in our study these pre-treatment options were not required, and all patients received intensive insulin therapy for 2 weeks, followed by a switch to BOT.

In our study, several factors possibly limit the extent to which these results can be generalized. First, the range of FPG level (≥ 10.0 mmol/L) and age (18--65 years), regardless of pre-treatment options and duration of diabetes, were quite wide. Hence, individual variation may be large, and some characteristics may be obscured. However, this scenario is closer to reality and is more valuable to clinical practice. Second, modification of the therapeutic regimen was at the discretion of the treating physician, based on personal experiences, which could lead to bias. Third, there were far fewer non-responders than responders, which may have obscured some characteristics or effects of the treatment.

Conclusions {#Sec10}
===========

The results of our study suggest that both the 2 h-PCP/FCP ratio and previous insulin treatment are predictors of response to BOT. A higher 2 h-PCP/FCP ratio and the lack of previous insulin treatment correspond with a higher likelihood of BOT success. The duration of diabetes is a promising predictor that requires further study.
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